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ABSTRACT

A series of high precision measurements of the solar
disc were performed in the summer of 1966 by Professor R.H. Dicke
and collaborators at Princeton Unliversity. These neasurements
indicate that the equatorial radius of the sun's photosphere
subtends 48 * 7 millisec of arc more than its polar radius,

Dicke claims that the magnitude of the solar mass
oblateness, which is inferred from his optical measurements, 1s
such that there is an apparent discrepancy of 8% between observa-
tion and the modified Einstein prediction for the motion of the
perihelion of Mercury.

If the stated accuracy of these measurements is confirmed,
then the photoelectric detection techniques, which were used in
this earth-based experiment, may be singularly significant in
establishing the relative merit of earth-satellite-based versus
earth-based telescope platforms for performing this and possibly
related experiments, j

It is noted that a zero-drag artificial satellite in
an elongated orbit around the sun could in principle make a more
direct measurement of a solar mass guadrupole moment, if the
satellite could be tracked with sufficient accuracy in the
vicinity of the sun.
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MEMORANDUM FOR FILE

Presentations of the Princeton Measurements and inter-
pretations of the solar oblateness were made by Professor R.H.Dicke
at The Relativistic Astrophysics Symposium on January 27, 1967
and at The Annual Richtmyer Lecture of the American Phy81cal 8001ety
on January 31, 1967. Both lectures were organized under the aus-
pices of The Amerlcan Physical Society and were held in New Yor%
City. An account of this work has been subsequently published. 8)

The primary data presented by Professor Dicke are sum-
marized in the following equation

Ar = (5.0  0.7) x 1072,
r

where r is the equatorial radius and ar is the difference between
the equatorial and polar radii, (i.e., the sun is symmetrically
flattened at the poles of its rotation axis). This result was
obtained with a specially designed telescope employing quartz

mirrors.(8) The telescope was rotated about its axis of symmetry
to a new position and an independent measurement was made every
minute. The image of the sun was focused on a symmetrically placed
circular occulting disc which screened out all light except that
from the solar rim. This light was then effectively intensit
modulated (as a function of the nonspherical shape of the sun by
subsequently masking it with a well centered rotatl?% déic
which two diametrically located apertures were cut The trans-
mitted light was monitored with a photoelectric detection system
and its intensity was correlated with the phase angle of the rota-
ting disc. Numerous measurements of intensity versus phase angle
were made over relatively short time intervals in order to average
out atmospheric distortions.

Due to the 23.50 tilt of the Earth's rotation axis with
respect to its orbital plane, the solar rotation axis (which is

tilted at TO with respect to the Earth's orbital plane) appears to
shift as the Earth moves about the sun. An important self consist-
ency check of chke s data was that it was sensitive (with an
accuracy of 20 ) to this shift in viewing angle of the solar axis

as seen from the Earth.
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In order to relate the observed oblateness in the
luminosity of the solar disc to a mass oblateness, it was neces-
sary to assume that there are no appreciable shear stresses in the
observed portion of the sun's photosphere, and that equilibrium
conditions are such that surfaces in temperature equilibrium coincide
with the equipotential surfaces associated with the gravitational

field(e). This is a crucial set of assumptions, and although

plausible, they are difficult to substantiate quantitatively.
Professor Dicke feels that a more direct measurement , of the sun's
gravitational field would be feasible 1if a zero-drag(3 artificial
satellite could be accurately tracked in the vicinity of the sun.

Two possible explanations for the inferred solar mass
quadrupole moment were presented by Professor Dicke. He feels
that a possible but rather implausible explanation is that deeply
buried and very strong magnetic fields exist inside the sun. His
preferred explanation is that the core of the sun 1s rotating at
a rate of about 1 revolution every 1.8 days. The slower rotation
rate of the outer solar atmosphere (e.g., the observed rotation
period varies from 25.4 days at the equator to 33 days at 75° (North

or South) 1a’citude(LL ) can be rationalized by considering the
external braking torque produced by the solar wind, which is estima-

ted by Dicke to be ~5 X lO29 dyne-cm/steradian at the solar equator.

When the deduced mass quadrupole moment (inferred from
this measurement) is used to calculate the motion of Mercury's orbit
(using Newtonian mechanics), it is found that the anomalous shift in
the perihelion of Mercury is reduced from 43.11 £ 0.45 sec of arc

per century(B) to 39.6 sec of arc per century. Dicke claims that
the original tensor formulation of Einstein's Theory can no longer
account for this reduced effect and that a scalar term should be
~added to the gravitational field equations (as in the Brans-Dicke

Theory(6 ). This scalar term has the effect of changing the uni-
versal gravitational 'constant' into a vifiable quantity which
decreases at a rate of a few parts in 10 per year. It 1s possible
to rationalize some geological and cosmological evidence to support

(7)

this hypothesis , but the present status of this evidence 1is
patently inconclusive.

As a result of this measurement there will probably be
a resurgence of interest in the scientific community to make other
precision checks of Einstein's General Theory of Relativity.
Measurements from future space stations may play a significant
role in this endeavor. In this respect, the logical question for
the space system engineer is "How much additional accuracy could
have been obtained if Dicke's experiment had been performed above
the Earth's atmosphere?" This author does not have enough detailed
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information about this experiment to give a precise answer to this
question; however, Professor Dicke did stress his belief that
atmospheric turbulence was adequately averaged over, as evidenced
by the consistency of his data. He also noted that measurements
were discontinued when corrections (due to increased atmospheric
refraction of sunlight for low sun angles) were comparable to

effects due to the measured solar oblateness . As more informa-
tion becomes available, this experiment should be carefully re-
evaluated in order to assess accurately the status and flexibility
of the techniques which were used.
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